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The kinetics of oxidation of D-mannosamine (S) to the aldonic acids by sodium N-chloro-p-toluene-
sulphonamide or chlorarnine- T (CAT) in the presence of alkali at 40°C follows' the rate law
d[CAT]/dt=k[CAT] [S] [HOT, where x<l. Increase of ionic strength increases the rate. The rate
decreases when the dielectric constant of medium decreases. The inverse solvent isotope effect
k(D20)/k(H20) was found to be 1.62. The mechanism assumes stepwise, the formation of sugar alkoxy
anion, followed by a rate limiting complexation with oxidant resulting in the formation of the respective
pentose through decarboxylation and dearnination. The latter is oxidised to arabonic, ribonic, erythronic
and glyceric acids. A mechanism involving the reaction of enolanion of sugar with the oxidant in the
rate limiting step is proposed.
Introdnction
The sodium salts of N-arylhalosulphonamides
generally known as organic haloarnines are strong
electrolytes 1 in aqueous solution and behave as
sources of halonium cations. They are capable of
effecting an array of molecular transformations,
including limited oxidation of specific groups. The
prominent member of this group is chloramine- T
(p-CH3-CJI4S02NCINa.3H20, hereinafter abbre-
viated as TsNCINa or CAn which is a byproduct of
saccharin manufacture and many of its oxidation
reactions are kinetically investigated=', An
important reaction that has been well documented is
the decarboxylation and deamination of arnino-
acids".
A survey of literature indicates almost no
informations on the mechanistic aspects of oxidation
of amino sugars by halogens. Oxidation of these
compounds by NaOCI results in the respective
pentoses, thus reducing the carbon chain", Although
Herbst7 reports the oxidation of amino sugars by
CAT to the corresponding pentoses, no mechanistic
details are available. As a part of our broad
programme on the oxidation of sugars by the
N-haloaminess, the present communication reports
the kinetics of oxidation of o-mannosamine by CAT
in alkaline medium at 40°C. It was interesting to
note that the oxidation of the amino sugar went
beyond the pentose stage, resulting in the formation
of the respective aldonic acids.
Materials
D-Mannosamine hydrochloride (Sigma) and
analytical reagent grade chemicals were used. Fresh
aqueous solutions of D-mannosamine were prepared
using triply distilled water. Chloramine- T (Loba
chemie) was purified from its dichlorocontaminant
by washing with carbon tetrachloride. Purification
and preparation of CAT (Loba chemie) solutions are
described in a previous communication". Sodium
perchlorate was used for maintaining a constant high
ionic strenth "to swamp" the reaction. Heavy water
(99.4%) for solvent isotope studies was supplied by
the Bhabha Atomic Research Centre, Mumbai,
India.
Kinetic measurements
The reactions were carried out in glass stoppered
pyrex boiling tubes coated black on the outside.
Pseudo-first order conditions were maintained for
the kinetic runs ([sugarJo»[oxidantJo)' The oxidant
and the requisite amounts of D-mannosamine, alkali,
NaCIO. solutions and H20 (for constant total
volume) taken in separate boiling tubes, were
thermostated for 30 min at 40°C. The reaction was
initiated by the rapid addition of CAT to the mixture
and its progress was monitored by iodometric
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estimation of unconsumed CAT in known aliquots
of the reaction mixture at regular intervals of time.
The reaction was studied for more than two half
lives. Pseudo first order rate constants calculated
from log [CAT] vs time plots were reproducible
within ±3%. Allowance was made in adjusting the
alkali concentration [NaOH]eff for neutralising






'"a::Stoichiometry and product analysis •...
The stoichiometry run of oxidation n-man- ~
'"nosamine with excess CAT solution over the sugar '"
oindicated that three moles of oxidant were
consumed per mole of sugar, to form the aldonic
acids.
p- Toluenesulphonamide (PTS) was detected by
paper chromatography, where benzyl alcohol
saturated with water was used as solvent with t).5%
vanillin in 1% HCI in ethanol as spray reagent
(Rf= 0.905).
The oxidation products of amino sugar were
analyzed by Dionex BioLC HPLC coupled to pulsed
amperometric detection using a carboPac PAl high
pH anion exchange column (4x25Omm)8. An
isocratic elution with 200mM NaOH was used. The
products were identified by comparison of their
HPLC retention times with retention times of the
standard aldonic acids and by GC-MS. For GC-MS
characterization, the reaction mixture was extracted
with diethyl ether to remove p-toluenesulphonamide
and passed through Ag 50W-X12(If) and Ag
4-X4(base) resins. The bound sample from Ag
4-X4(base) resins were eluted with 1M pyridinellM
acetic acid, (PH 5.2) and lyophilized. The products
were converted into their trimethylsilyl derivatives
and then analyzed by GC-MS.
High-pH anion exchange chromatography
revealed the formation of mixture of products
(Figure 1). A comparision of the HPLC and GC
retention times of the reaction products with those
of the standards, indicated the following product
profile (in mole percentage), arabonic acid(37),
ribonic acid(25), erythronic acid(33) and glyceric
acid(5). The analysis was based on the peak areas
normalized using response factors obtained by
analyzing standard aldonic acid solutions. The mole
proportions of products formed at 0.5, 1,2,4,8 and
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Fig. I-HPLC analysis of oxidation products of p-mannosamine
by CAT in alkaline medium at 40°0, I, glyceric acid; 2,
erythronic acid; 3, arabonic acid; 4, ribonic acid
25 30
product profiles were observed even when the
reactions were carried out under kinetic conditions.
The identities of all the oxidation products were
confirmed from their mass fragmentation patterns.
Results
Effect of reactant and alkali concentration
The kinetics of oxidation of amino sugars by
CAT investigated at several concentrations of the
reactants. With substrate in excess, plots of log
[CAT] vs time were linear (r>O.9992, s:SO.Ol)
indicating a first order dependence on [CAT]o. The
pseudo first order rate constants kobs calculated from
these plots are given in Table I. The values decrease
slightly with varying [CAT]o possibly owing to a
side reaction" involving the formation of NaCI03•
The rate increases with increase in [S]o (Table I)
and a plot of log kobs vs log [S]o was found to be
linear (r = 0.9990 s = 0.01) with unit slope, indi-
cating a first order dependence on [substrate] as
well. Further, a plot of kobs vs [S]o was linear
(r=O.9970, s=O.02) and passed through the origin,
showing that the sugar-oxidant complex has only
transient existence. The rate of reaction show a
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Table I-Effect of varying [CAT]o and [Mannosamine], on the
rate of oxidation at 40°C
[HO-]etF30.0xlO-2 M, I=0.6M.












































Table I1-Effect of varying [HO-]o on the reaction rate at 40°C
[CATJo=2.0xlO-3 M, [S]o=2.0xI0-2 M, [=0.6 M,
[HO-]etr I02• D-Mannosamine







(a) [HO-]eff indicates that its neutralization by the hydrochloride
of D-mannosamine has been taken into account.
(b) Values in parentheses refer to rate constants calculated from
eqn [9].
fractional order dependence on [HO-] (Table II) as
plots oflog k".,bs vs 10g[HO-]effwere linear (r=0.9969,
s=O.03) with slope <1.
Effect of [PTS] and [et]
Addition of the reaction products p-toluene-
sulphonamide (PTS) and cr ion did not alter the
rate of reaction, indicating the absence of these
compounds in a pre-equilibrium to the rate limiting
step.
Effect of ionic strength
The effect of varying ionic strength (I) of the
medium, maintained by the addition of NaCI04 was
checked. The rate increased with increase in ionic






















Fig. 2 -Plot of log kobs vs (1)112& log "!cobsvs lID.
[CATJo=2.0x I0-3 M; [S]o=2.0x I0-2 M;
[OW]o=30.0xlO-2 M; [=0.6 M; Temp.=40°C
Effect of solvent composition
The solvent composition of the medium was
varied by adding methanol (0-40% VN). The rate
decreased with increase in methanol content. Plots
of log kobs vs lID where'D' is the dielectric constant
ofthe medium were linear (r=0.9896, s=0.05) with a
negative slope. (Figure 2)
Effect of Temperature on the rate
The reaction was studied over a range of
temperatures and the Arrhenius plot, log kobs vs lIT
was linear (r:=0.9926, s=0.04). The activation
energy, E.=1l3.4 kJ mol ', was calculated from this
plot. The other activation parameters computed
from E. are MI#=110.8 kJ mol" ~S#=40.2 JK-I
mol', ~G#=98.2 kJ mol" and log A=17.3.
Solvent isotope studies
The rate increased in D20 medium and proton
inventory studies were made in HzO-DzO mixtures
of varying "D" content. The results are given in
Table III. Value of the solvent isotope effect,
k(HzO)/k(D20) was found to be 0.62 for the
oxidation of D-mannosamine by CAT.
Test for free radicals
Addition of reaction mixture to acrylamide
solutions did not initiate polymerisation of the latter,
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Table IIl-Proton inventory studies for oxidation of
o-mannosamine by CAT in HP - Dprnixtures at 40"C
[CAllo=2.0xlO-3 M, [S]o=2.0xlO-2M,
[HO-]elF30.0xlO-2M, I=O.6M







indicating the absence of free radical species in the
mixture.
Discussion
Chloramine-T ionizes in aqueous solution (eq. I)
and the anion picks up a proton in acid solution to
give the free acid', monochloramine-T, TsNClH
(eq.2):
TsNCINa ~ TsNCI-+Na+ (1)
TsNCr + H+ ~ TsNClH (2)
K.
Ka=2.82 x 1'0-5 at 18°C.
Although the free acid has not been isolated,
there is sufficient experimental evidence for its
formation in solution 10. The acid can further undergo
disproportion/hydrolysis (eqs 3 and 4 respectively)
giving TsNH2, the dichloramine- T TsNCI2, and
HOCI:
2TsNClH ~ TsNH2+TsNCI2
Kd=6.1 x 10-2 at 25°C.
Kh
TsNClH+H20 ~ TsNH2+HCIO ... (4)
Kh=4.88 x 10-8 at 25°C.
In alkaline solutions of CAT, the following
equilibria are reported:
TsNCI-+H20 ~ TsNH2+ClO- (5)
TsNCt+H20 ~ TsNClH+HO- (6)
TsNClH+HO- •.• TsNH2+CIO- (7)
Equations 5 and 7 suggest a retardation of rate
with the addition of the reaction product, TsNH2,
while equation 6 predicts a decrease in rate by HO-
ions. Since neither of these have been observed in
the present set of experiments, the most likely
oxidising species for amino sugar is the anion
TsNer itself. Hence Scheme I is tentatively
suggested for the oxidation of the substrate (S) by
CAT, where the amino sugar is first converted to the
... (3)
alkoxy anion (S-) which subsequently reacts with









If [S]I represents the total substrate concentration,
then [S]I=[S]+[S-] from which [S-]=KI [HO-]
[S]I[H20]+KI [HO-] Since rate=k; [S-] [TsNCn
substituting for [S-], rate law (8) can be derived as
-d[CAT]/dt = k2K'1 [CAT][S]I[HO-] ... (8)
1+ K't[HO-]
where K 1'=K/[H20]
Equation (8) can be transformed into eq. (9):
lIkobs=lIk~ I[S]I[HO-]+ l/k2[S]1 ... (9)
A double reciprocal plot lIkobs vs lI[HO-]eff is
linear (r=O.9921, S=O.03) and from the slope and
intercept of this line, values of the formation
constant K I of alkoxy anion and its decomposition
rate constant k2 through its reaction with the oxidant
have been calculated.
At 40°C the values are KI'=4.05 dm' mol' and
k2=2.63 x10-2dm3 mol" S-I for D-mannosamine.
Using the values of K I and k2, values of kobscould be
calculated from eq. (9) and these are shown in
Table II. It is seen that there is good agreement
between the calculated set and experimental set of
values, thus supporting the proposed scheme.
The thermodynamic parameters for the
equilibrium step and activation parameters for the
rate limiting step in Scheme I could be evaluated as
follows: Hydroxyl ion concentration (as in Table II)
was varied at several temperatures and values of K I
and k2 were determined at each temperature. A van't
Hoff plot was made for the variation of KI' with
temperatue (i.e. log KI vs lIT) and values of the
enthalpy of reaction MI, entropy of reaction ilS, and
free energy of reaction ilG were calculated. An
Arrhenius plot oflog k2 vs lIT yielded the activation
parameters for the rate limiting step in Scheme I.
These values are shown in Table N. A comparison
with the activation parameters obtained for the
. "
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composite reaction shows that the values mainly
refer to the rate limiting step, supporting the fact
that reaction before the rate determining step is fast,
involving little activation energy.
(i) The proposed mechanism is supported by the
increase in rate in D20 medium. Since DO- ion is a
stronger base than HO- by a factor of 2, we expect
an approximate doubling of rate in heavy water, for
a reaction involving a pre-equilibrium proton or
hydroxyl ion transfer 1I. The value of inverse solvent
isotope effect, k(D20)/k(H~O) is found to be 1.62,
thus justifying our expectations, Proton inventory
plots could throw some 'light on the nature of the
transition state. The dependence of rate constant k"obs
on n, the atom fraction of deuterium, in a solvent
mixture containing H20 and D20 is given 12,13by the
Gross-Butler Equation (eq. 10)
TsIT (l-n+ n¢J
(k~bS>/(k:bs)= Rs ••• (10)
IT (1- n+ n¢)
where rA and 11 are the isotopic fractionation factors
(equilibrium constants for the H-D exchange) for
isotopically exchangeable hydrogen sites in the
transition state (TS) and reactant states (RS),










Table 4---Thennodynamic quantities for alkoxyanion formation
and activation parameters for the rate limiting step, for the
oxidation of D-mannosamine by CAT
Temp D-Mannosamine
(K) K'I 102k2





















factors of reactants would enable us to calculate the
fractionation factors of transition state. However,
from a qualitative point of view, the curvature of
proton inventory plots can be compared with those
of standard curves available in literature", and from
such an examination it can be concluded that the
reaction involves a single transition state containing
HO- ion.
(ii) The rate decreased with decrease in the
dielectric constant (D) of the medium. The effect of
SchemeD
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composition of the solvent on rate for a reaction
involving two negative ions of charges ZAe and ZBe
is given'S by the Scatchard eq. (11)
log k=log ko-ZAZBe2IDkTdAB ... (11)
where k; is the rate constant in a medium of infinite
dielectric constant, dABrefers to the size of activated
complex and k and T are the Boltzmann constant
and absolute temperature respectively. A plot of
log kabs vs lID is linear (Figure 2) amd from the
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D-mannosamine. The values are found to be
reasonable in comparision with those of other
reactions of similar nature 16.
(iii) The rate determining step (Scheme I)
involves an interaction between similarly charged
ions which would require a high activation energy.
It is found to be so, as the composite activation
energy is around 113 kl/mol for the reaction. The
entropy of activation is positive indicating that the
transition state is more disordered. This is also
reflected in the size of the activated complex (dAB)
determined from eq. (11).
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A probable mode of oxidation of D-
mannosamine to D-arabonic acid, D-ribonic acid
and D-erythronic acid is shown in Scheme II and 4
III.The D-mannosamine reacts with TsNCI- ion in
the presence of alkali to form 2-amino mannonic
acid 5 which reacts with an oxidant molecule to
form D-arabinose 8 (Scheme IV) through decar
boxylation followed by deamination in the form of
NH3 via hydrolysis of the intermediate imine 7. The
oxidant further converts the arabinose into D-
arabonic acid 9 and its epimer, n-ribonic acid. The
breaking of C-C bond between C-l and C-2 in D-
arabinose 8 yields D-erythronic acid. The reaction
can proceed further with the clevage of C-C bond
between C-3 and C-4 to form glyceric acid.
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